Objective: To elucidate the mechanism underlying secretion of human immunodeficiency virus type 1 (HIV-1) into the oral cavity, by examining the relationships between various oral and systemic factors and the viral load in saliva. Methods: Plasma and saliva samples from HIV-1 infected patients were assayed using the COBASV R AmpliPrep/COBASV R TaqManV R HIV-1 Test, version 1.0 and a Poisson distributionbased polymerase chain reaction (PCR) method for quantifying HIV-1 RNA and DNA. Results: Forty-four pairs of samples were obtained from 18 patients. Salivary viral load was approximately 10% of the plasma viral load, but higher than the plasma load in two patients. The salivary viral DNA load was < 1% of the total HIV-1 nucleic acid load except in one patient who had more viral DNA than RNA. Multiple regression analysis showed that salivary viral load was significantly correlated with plasma viral load (partial correlation coefficient, 0.90) and the community periodontal index (-0.63). Conclusions: The present results suggest that excretion through salivary glands, but not occult bleeding, may be a major pathway of HIV-1 into the oral cavity.
Introduction
Although the annual number of new human immunodeficiency virus type 1 (HIV-1) infections is declining globally, the overall number of people living with HIV-1 has increased steadily. 1 Recent advances in antiretroviral therapy have dramatically improved the prognosis of infected individuals, while HIV-1 infection is increasingly seen in the general practice setting. 2 To improve early testing and medical care for infected individuals, it is important to learn about the oral manifestations of HIV infection and to understand the clinical significance of the HIV virus in the oral cavity.
HIV-1 is present in various body fluids including blood plasma, seminal plasma, breast milk, vaginal secretions and saliva. 3 Blood, semen and vaginal secretions are potently infectious, while saliva is not considered infectious unless visibly bloody. 4 The lack of HIV-1 transmission via saliva is thought to be due to factors including low viral load, the hypotonicity of saliva, and endogenous antiviral factors such as lysozyme, defensins, thrombospondin and secretory leukocyte protease inhibitor. [5] [6] [7] [8] [9] Although many studies have quantified HIV-1 RNA in saliva and reported its correlation with the plasma viral load, 3, [10] [11] [12] [13] little attention has been paid to HIV-1 DNA in infected cells, which may be more infectious than the free virus. 14 Another shortcoming of these studies is that, to quantify the salivary viral load, they used commercial assays designed and approved to determine plasma viral load.
Thus, the aims of the present study were to develop a method for quantifying HIV-1 RNA and DNA in saliva based on the Poisson distribution of nested polymerase chain reaction (PCR) results, and to use this method to determine the salivary viral loads in HIV-1 infected individuals. Using the resulting data, the correlation between salivary viral loads and various systemic and oral parameters including cluster of differentiation (CD)4 cell count, patient age, plasma viral load, salivary occult bleeding, community periodontal index, salivary secretion rate, and the number of teeth was investigated to elucidate the mechanism of HIV-1 secretion into the oral cavity.
Patients and methods

Study population
This study included plasma and saliva samples from all HIV-1 infected patients who attended the Infection Control Department of Niigata University Medical and Dental Hospital between April 2008 and July 2009, and who provided written informed consent to participate in the study. There were no other inclusion or exclusion criteria for this study. Blood and saliva samples were collected at every visit (intervals ranged from 1 to 4 months, and were usually 2 months) for all patients during the study period unless the plasma viral loads were <40 copies/ml in consecutive tests. Seronegative participants, to provide negative control saliva samples, were recruited from the medical staff at the Division of Oral and Maxillofacial Surgery, Niigata University Graduate School of Medical and Dental Sciences. Approval was obtained from the Ethics Committee of the Niigata University School of Dentistry (19-R13-07-12 ).
Blood and saliva collection, and CD4 analysis
Approximately 5 ml of saliva was collected from each participant without stimulation, by expectoration after gargling with water and then swallowing the saliva secreted during the initial 1 min. Overall time to collect saliva was recorded, and the salivary secretion rate was obtained by dividing the volume by the sampling time. The saliva samples were stored at À20
C within 2 h of collection. Blood samples (8 ml) were collected using ethylenediaminetetra-acetic acid 2K (1.8 mg/ml) as an anticoagulant. The blood was centrifuged at 1 600 Â g for 20 min to obtain plasma, and then the plasma was stored at -20 C prior to use. Cluster of differentiation (CD)4 cell count was obtained using CD4þ cell percentage, determined using the BD FACSCalibur TM automated flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA) and a fluorescein isothiocyanate (FITC)-conjugated anti-human CD4 antibody (T4-FITC; Beckman Coulter, Brea, CA, USA), and lymphocyte numbers per ml blood, obtained from complete cell count.
HIV-1 RNA
The 3rd World Health Organization (WHO) international standard for HIV-1 RNA (code 10/152) was purchased from the National Institute for Biological Standards and Control (Hertfordshire, UK) and was used as a source of HIV-1 RNA after purification using the QIAamp UltraSens Virus kit (QIAGEN, Hilden, Germany), according to the manufacturer's instructions.
Purification of nucleic acid from saliva
A 500 ml volume of saliva was mixed with 50 ml of 3.5 M sodium acetate (pH 5.2) and 1 ml of ethanol. The suspension was allowed to stand for 15 min and then centrifuged at 12 000 Â g for 10 min. Nucleic acid was purified from the precipitate using the QIAamp UltraSens Virus kit. The recovery rate of HIV-1 RNA was determined by quantifying HIV-1 RNA after the purification of 500 ml of a blank saliva sample spiked with 100 copies of HIV-1 RNA.
In-house HIV-1 quantitative PCR assay
To amplify HIV-1 nucleic acid (RNA and DNA), purified nucleic acid was subjected to reverse transcription-nested PCR with primers designed in the HIV-1 group-specific antigen (gag) p24 region. C for 1 min, followed by 4 C. The PCR products were analysed by agarose gel electrophoresis using 2% low electroendosmosis agarose (BMBio, Tokyo, Japan). To measure HIV-1 DNA only, the reverse transcription step was omitted. The concentration of HIV-1 nucleic acid was calculated using statistical analysis based on the Poisson distribution. Firstly, serial 10-fold dilutions of the extracted nucleic acid solution were assayed using nested PCR. Thereafter, the diluted solution that corresponded to the penultimate band was serially diluted two-fold and retested. Finally, 15 replicates of the two-fold dilution that produced the last positive signal were assayed. If the number of positive reactions was > 10 or < 5, further diluted or concentrated solutions, respectively, were used. When the original undiluted nucleic acid solution produced < 5 positive reactions in 15 replicates, this number was used for the calculation. The HIV-1 nucleic acid copy number in each reaction was calculated using the null class equation of the Poisson distribution. 15 
Commercial real-time PCR assay
The plasma and salivary viral RNA loads were determined by a reference laboratory (SRL, Tokyo, Japan) using the COBASV R AmpliPrep/COBASV R TaqManV R HIV-1 Test, v1.0 (Roche Molecular Systems, Branchburg, NJ, USA), which is based on real-time PCR, according to the manufacturer's instructions. Prior to assay, frozen saliva samples were thawed and mixed using end-over-end rotation to uniformly distribute the contents and food residues were removed by centrifugation at 400 Â g for 2 min.
Quantification of salivary haemoglobin
The saliva blood content was evaluated by determining the ratio of haemoglobin concentration in saliva to that in blood, and referred to as the oral haemoglobin index. To determine the salivary haemoglobin levels, saliva was dripped onto a haemoglobin test strip (Salivaster, Showa Yakuhin Kako, Tokyo, Japan), incubated for 30 s and then fixed by a 10-s immersion in 30% hydrogen peroxide/ethanol (10:90). The strip was photographed with a digital camera, and the intensity of the developed colour was expressed numerically using ImageJ software (National Institutes of Health, Bethesda, MD, USA). A calibration curve was constructed using standard saliva obtained from a healthy volunteer (RI). The standard saliva was confirmed to be haemoglobin-free by comparing the colour reaction to physiological saline. Thereafter, the saliva samples for a calibration curve were prepared by spiking with various volumes of blood from the healthy volunteer to obtain seven different final haemoglobin concentrations ranging from 0.36 to 5.98 mg/dl. The haemoglobin concentration in the control blood was measured by automated haemocytometer in the clinical laboratory. If the sample results exceeded the limits of the calibration curve, the sample was diluted using the standard saliva.
Clinical evaluation of the oral cavity
The conditions of the oral cavity were examined by an oral surgeon (RT), including the number of teeth and HIV-associated lesions or diseases. 16 Periodontal conditions were evaluated on the last day of sample collection using the community periodontal index. 17 
Statistical analyses
Data are presented as mean or individual values, depending on the number of samples obtained per patient, range, or n (%) sample prevalence. Single and multiple regression analyses were used to evaluate the associations between relevant parameters. The values of plasma and saliva viral loads were transformed to log10 prior to analysis. Data below the lower limit was treated as half the lower limit value. For example, in the COBAS assay, < 40 copies/ ml was recorded as 20 copies/ml. Fisher's exact test was used to analyse the differences in HIV-1 nucleic acid detection levels between the in-house Poisson quantitative PCR assay and commercial COBASV R TaqManV R PCR assay. Data were analysed using the statistical software package Statcel2 (OMS Publishing, Saitama, Japan). A P value <0.05 was considered statistically significant.
Results
Patient characteristics
A total of 18 patients were enrolled, 14 male and 4 female (Table 1) , with a median age of 37 years (range, 26-60 years). The 18 patients provided 44 pairs of plasma and saliva samples, and the median number of samplings was 2 per patient (range, 1-6).
The mean time required to collect saliva was 13 min (range, 4-40 min). Sixteen patients were undergoing antiretroviral therapy: 15 (83%) from the start of the study, and one patient, M, commenced antiretroviral therapy during the study period. Virologic suppression (<40 copies/ ml) had been achieved with antiretroviral therapy in eight patients (44%). None of the patients complained of dry mouth or were diagnosed as having xerostomia during the study period.
Accuracy of in-house quantification assay
The third WHO international standard for HIV-1 RNA was measured using the in-house Poisson quantitative PCR assay and its concentration was found to be 104 copies/ml. The HIV-1 RNA standard has been assigned a unitage of 5.27 log10 international units (IU)/ml, 18 thus, the present results indicated that 1 IU was equivalent to 0.56 copies. This value was very close to previously reported conversion factors of 0.6 or 0.51 copy/IU for HIV-1 RNA, 19 suggesting that the in-house quantification assay was capable of accurately determining the HIV-1 RNA copy number. Regarding specificity, no positive signals were detected in 50 runs of saliva samples from three seronegative individuals.
Recovery rate of HIV-1 RNA in saliva
The recovery rate of HIV-1 RNA in saliva following purification was determined using five replicates of HIV-1-negative saliva each spiked with 100 copies of HIV-1 RNA. The HIV-1 RNA quantities before and after purification were determined using the inhouse Poisson quantitative PCR assay. The obtained recovery rate was 76% AE 30% (mean AE SD). Based on this result, the HIV-1 RNA concentration in saliva was corrected by dividing the raw data by 0.76.
In-house Poisson quantitative PCR versus COBASV R AmpliPrep/ COBASV R TaqManV R HIV-1 Test, v1.0, for salivary viral load
Viral nucleic acid (RNA and DNA) was detected in 73% (32/44) of saliva samples from the 18 participants using the Poisson quantitative PCR assay, and viral RNA was detected in 34% (15/44) of saliva samples using the COBAS assay (Table 2 ). Statistical analysis revealed that the Poisson quantitative PCR assay was significantly more sensitive than the COBAS assay in detecting HIV-1 nucleic acid (P ¼ 0.027, Fisher's exact test). Saliva samples were found to be positive using both assays in five patients (comprising 12 samples), and the mean viral load value for each patient was used to compare quantification performance between the two assays, which resulted in a good linear relationship between the two (P <0.05; r 2 ¼ 0.83; Figure 1 ). The mean value obtained from the Poisson quantitative PCR assay was 3.8 times higher than from the COBAS assay. Salivary viral loads of all samples that were determined using the Poisson quantitative PCR assay were used for further analysis.
Plasma and salivary viral loads
The relationship between plasma and salivary viral loads in 18 patients was studied using a single regression analysis of the mean sample values for each patient (Figure 2) . Salivary viral load (DNA and RNA) was measured using the Poisson quantitative PCR assay and plasma viral load was measured using the COBAS assay. A good linearity was observed in terms of viral load between the two sample and measurement types (P <0.01; r 2 ¼ 0.75). The salivary viral load was found to be approximately 10% of the plasma viral load, expressed as geometric mean of all values. However, in two patients, M and O, the salivary viral loads were higher than the plasma viral loads (Figure 2 ).
Viral DNA loads in saliva
Viral DNA was detected in 11 saliva samples from four of five patients who had salivary viral loads of !100 copies/ml. The mean plasma viral loads, salivary viral nucleic acid loads and salivary viral DNA loads of these five patients are compared in Table 3 . Patient L had a viral DNA load accounting for 75.3% of the salivary nucleic acid load, while the proportions of viral DNA in the viral nucleic acid for the other four patients were 1%.
Factors influencing the salivary viral load
Multiple regression analysis was used to examine the relationships between salivary HIV-1 viral load and various systemic and oral parameters, comprising plasma viral load, community periodontal index, oral haemoglobin index, CD4þ cell count, salivary secretion rate, patient age, and the number of teeth ( Table 4) . As a result, salivary viral load (y) could be expressed in relation to two statistically significant predictors, namely, the plasma viral load (x1, P < 0.01) and community periodontal index (x2, P < 0.05): y ¼ 1.13x1 -0.60x2 (r2 ¼ 0.92). Antiretroviral therapy was highly correlated with the plasma viral load but was not an independent predictor of the salivary viral load. 
Discussion
The present study assessed the association between salivary HIV-1 loads and systemic and oral variables. Similar recent studies 3,10-13 have differed from the present study in several ways: in the present study, salivary viral loads were determined using a Poisson distribution-based PCR method, which is considered to be an accurate and robust method for quantifying HIV-1; 20, 21 viral DNA loads were determined separately from viral RNA; and occult blood levels in saliva were quantitatively assessed by measuring the haemoglobin concentrations. These parameters together with salivary secretion rates and periodontal conditions, assessed using the community periodontal index, were used in multiple regression analysis to assess predictors of salivary viral load.
The in-house Poisson quantitative PCR assay was shown to quantify the WHO international HIV-1 RNA standard accurately, and was found to detect viral nucleic acid (RNA and DNA) more frequently in saliva samples, and yielded higher concentrations than the COBAS assay. Thus, data obtained using this assay was used for further analysis. One possible reason for the discrepancy between the two assays may be that the COBAS assay has been designed to measure viral loads in blood 22 but not saliva.
Consistent with previous studies, 3, 10 multiple regression analysis in the present study showed that the plasma viral load was a significant predictor of the salivary viral load. Salivary viral load was not found to be correlated with saliva secretion rate. The present authors postulate that if the virus is excreted into the oral cavity from sites other than the salivary glands, a higher salivary secretion rate would reduce the salivary viral concentration. The lack of relationship between salivary secretion rate and salivary viral load in the present study suggests that the virus is mainly excreted along with saliva from the salivary glands. Higher levels of stimulated saliva flow rates have been associated with lower HIV-1 RNA shedding in the saliva. 12 In the present study, unstimulated saliva samples were used, and the discrepancy between the previous 12 and present results may be explained by the possibility that the excretion rate of HIV-1 from salivary grands into saliva is not significantly influenced by artificial stimulation of saliva secretion.
Interestingly, the present results showed that the community periodontal index contributed to salivary viral load in an inverse manner, suggesting that poor periodontal conditions may suppress viral excretion into the oral cavity. Epithelial attachments have wide intercellular spaces through which lymphocytes and antibodies can pass, 23, 24 and during the progression of periodontitis, epithelial attachments are gradually lost. If the virus is excreted more easily through epithelial attachments than connective tissue, healthy periodontal conditions may favour viral excretion from the gingival crevices. However, the number of patients in the present study was limited, and their community periodontal index ranged from 0.0 to 2.8, which represents mild periodontal inflammation. At more advanced stages of periodontal disease, the salivary viral load may increase. 3 Viral hyper-excretion has been defined as a four-fold or higher viral load in saliva than in plasma. 11 In the present study, one of three untreated patients was found to be a hyper-excreter, whereas there were no hyper-excreters among the 15 patients receiving antiretroviral therapy. The hyper-excreter did not have any distinctive oral findings or abnormal observations in the oral cavity, and the cause of the hyper-secretion remains unclear.
Among five patients in whom viral DNA was quantified, the salivary viral DNA load was less than 1% of the total viral nucleic acid in four patients, but viral DNA was more abundant than HIV-1 RNA in one patient (with viral DNA at 75.3% of total viral nucleic acid). Although infected milk cells have been argued to play a more important role in viral transmission via breast feeding than free virus, 25 there is no clear evidence that cell-associated virus in saliva is more infectious than free virus. Regardless of whether this is true, standard precautions must be observed during dental procedures.
In conclusion, the present study showed that salivary HIV-1 load was correlated with plasma viral load and, to a lesser extent, with patient periodontal conditions. The study also suggested that HIV-1 virus may be mainly excreted together with saliva from the salivary glands. Measurement of HIV-1 viral load in saliva may be used as a noninvasive assay for estimating blood viral load to assess the effect of antiretroviral therapy in resource-poor settings.
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